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MODE-BASED OUTPUT
SYNCHRONIZATION USING RELAYS AND A
COMMON TIME SOURCE

TECHNICAL FIELD

The present disclosure pertains to systems and methods
for synchronization of inverter outputs using a common time
source during an 1slanded mode and using momtored relays
in a grid connected mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The written disclosure herein describes 1llustrative
embodiments that are non-limiting and non-exhaustive. Ret-
erence 1s made to certain of such illustrative embodiments
that are depicted 1n the figures described below.

FIG. 1 illustrates a simplified electrical diagram of a
control system for a distributed energy resource (DER) with
a common time source, according to one embodiment.

FIG. 2 illustrates another embodiment of an electrical
system with a controller for multiple DERs and a common
time source, according to one embodiment.

FIG. 3 illustrates an embodiment of a DER with an
integrated DER controller and a common time source,
according to one embodiment.

FI1G. 4 illustrates an embodiment of a DER with multiple
power conversion units and a common time source, where
the DER 1s controlled by a common integrated DER con-
troller, according to one embodiment.

FIG. 5 illustrates a flow chart of an example method for
selectively utilizing a common time source during a detected
islanded state, according to one embodiment.

DETAILED DESCRIPTION

Microgrid and macrogrid system may include various
sources of power generation. One or more power sources
may provide synchronized power according to the specifi-
cation of the power grid. For example, 50 or 60 Hz oscil-
lating waveforms are common 1n many geographical
regions. Power generation sources that are permanently
connected to the grid remain synchronized and may increase
or decrease power output based on the load demand at any
given time.

For 1nstance, traditional power systems are modeled on an
assumption that electricity generation from sources such as

hydroelectric and thermal power plants (e.g., fossil and
nuclear fueled plants) that are tully dispatachble and 1nvolve
rotating synchronous generators. The rotational inertia of
these power sources plays a significant role in the frequency
dynamics and stability of the grid. Rotating synchronous
generators are synchronized before being grid-connected
and remain synchronized thereafter. However, power grids
increasingly include significant amounts of intermittent
energy power sources that are selectively connected to and
disconnected from the gnd. These intermittent power
sources olten include grid-tie inverters and breakers to
selectively connect and disconnect the intermittent power
source to and from the grid.

Similarly, microgrids increasing include relatively large
amounts ol intermittent energy power Irom photovoltaic
arrays. Photovoltaic arrays and other inverter-connected
power sources generally lack electromagnetic rotational
components to maintain synchronization. Instead, grid-tie
inverters commonly rely on phase locked loops to keep
internal thyristors and/or insulated-gate bipolar transistors
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2

(IGBTs) synchronized with the fundamental oscillating
wavetorm of the grid (e.g., 50 or 60 Hz). Microgrids may be
connected to a macrogrid i a grid-connected state, during
which energy sources connected to the microgrid must be
synchronized with the power from the macrognd.

In many instances, intermittent power sources, such as
photovoltaic arrays, are distributed across a wide geographic
area. Groups ol photovoltaic arrays or other intermittent
power sources may be aptly referred to as distributed energy
resources (DERs) because they are geographically distrib-
uted relative to the grid. Each DER may include, for
example, one or more photovoltaic arrays. Each DER may
be selectively connected to the gnd (e.g., directly to a
macrogrid or via a microgrid that can be disconnected from
the macrogrid) via a single inverter or multiple 1nverters.
Multi-inverter DERs may include one or more grid-tie
iverters that are relatively close together. In contrast, the
orid-tie mverter(s) of a first DER may be relatively distant
from the grid-tie inverter(s) of second DER.

When grnid-connected, each DER may directly monitor
the fundamental oscillating waveform of the macrogrid to
maintain phase alignment. Accordingly, a plurality of DERSs
distributed throughout a macrogrid may each include one or
more grid-tie mverters that are synchronized with the mac-
rogrid and with each other. As previously described, each
DER may include one or more controllers and one or more
phase locked loops to ensure phase alignment of the grid-tie
inverter(s) with the macrogrid. Any of a wide variety of
controllers, timing components, and the like may be inte-
grated or used with a phase angle adjuster to adjust the phase
angle of the output AC power of a DER based on a measured
phase angle of a connected power grd.

However, 1n an 1slanded mode a DER may lose access to
the macrogrid’s fundamental oscillating waveform. In some
embodiments, the phase lock loop(s) and/or other phase
angle adjustment components may maintain a constant fre-
quency (e.g., 50 or 60 Hz) as the DER continues to provide
power to a microgrid, but phase alignment relative to the
now disconnected macrogrid may begin to dnit. For
example, a time alignment error of 46 microseconds corre-
sponds to a one-degree phase misalignment in a 60 Hz
system. Many grid-tie control and monitoring systems will
report an error, discontinue grid re-connection, and/or oth-
erwise fail to connect an inverter to a macrogrid (e.g., via a
microgrid-to-macrogrid connection assembly) 1f the mis-
alignment 1s more than five degrees, or approximately 231
microseconds 1n a 60 Hz system.

A single DER with multiple grid-tie inverters may expe-
rience driits in phase alignment between each of the grid-tie
inverters 1if they feed different disconnected or loosely
connected portions (e.g., via transformers or high voltage
transmission lines) of a microgrid. The speed at which a
DER and associated microgrid can be reconnected to the
macrogrid (e.g., transitioning from the 1slanded mode to the
orid-connected mode) may be reduced because each of the
phase locked loops may need to synchronize with each other
and the macrogrid prior to the gnid-tie nvertors being
reconnected.

Another problem relates to alignment drift between
inverters of different DERs. As previously noted, multiple
DERs and associated microgrids may be connected to a
single macrogrid over a wide geographic region. The DERs
may or may not be communicatively connected and may
driit relative to one another at different driit rates. Accord-
ingly, 1 a load demand on grid increases and re-energization
of multiple DERs 1s desired, the delay with which each DER
can be serially reconnected may vary based on an unknown
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phase angle drift of each DER. Thus, in many existing
systems 1s not possible to estimate when a “reconnect”
signal should be sent by a grid controller to optimally time
the reconnection of multiple DERs.

In some embodiments, a control system may 1mitialize a
conventional generator (such as a diesel reciprocating
engine) 1 each DER to provide a stable voltage reference
source to the DER. The DER may use the stable voltage
reference source to phase-align one or more grid-tie invert-
ers 1n preparation for a grid tie. Another approach 1s to
connect DER 1nverters sequentially (e.g., serially) or 1n a
staggered sequence, but this has limited success as the
harmonic content from 1nverters may impact the phase angle
locking abilities of other phase locked loops for other
inverters in the system.

In the example descriptions above, the DERs include
orid-tie 1verters for intermittent energy sources such as
photovoltaic arrays that require conversion from direct cur-
rent (DC) to alternating current (AC) before being grid
connected. It 1s appreciated that other DERs may include
intermittent energy sources that produce alternating current
(AC), such as windfarms. Such DERS may not require
conversion from DC to AC, since the power 1s generated as
AC power. Nevertheless, a power conversion unit may still
condition the voltage and/or phase of the power produced by
the intermittent energy sources.

Thus, the examples of grid-tie inverters user herein are
one type of a grid-tie power conversion unit. A grid-tie
power conversion unit, or simply power conversion unit,
may comprise one or more components to receive input
power from an imtermittent power source with a specific
voltage, frequency, and/or phase angle. The grid-tie power
conversion umt converts the mput power into output power
for connection to the grid. The output power of the grid-tie
power conversion unit ideally matches the voltage, ire-
quency, and phase angle of the grid. In the case of DC nput,
the power conversion unit may be a grid-tie inverter and the
input frequency and phase angle of the input power may be
Zero.

The present disclosure includes various systems and
methods for synchronizing grid-tie power conversion units,
such as grid-tie inverters, between DERSs or within the same
DER. In some embodiments, each DER includes one or
more controllers in communication with one or more grid-tie
inverters. The DER may receive an accurate time signal
from a time source, such as a global positioning satellite
(GPS) system. The accuracy of the time signal may be
sub-microsecond.

According to various embodiments, the time signal can be
used by the inverters and/or other power conversion units
within one or more DERs to synchromize their phase lock
loops to less than one electrical degree angle during an
islanding event (e.g., in an 1slanded mode or state). Each
DER can be energized and/or reconnected to the grid simul-
taneously or 1n rapid succession because the phase angles of
the grid-tie power conversion units remain synchronized
regardless of geographic location. For example, multiple
DERSs can be reconnected to the grid 1n parallel. Phase lock
loop synchronization using a common time source elimi-
nates or reduces the concern typically associated with the
distance between various distributed energy bridges.

A DER may be cable of synchronizing its power conver-
sion unit(s) based on a common time signal or based on
measured values from a connected microgrid or a macrogrid
to which the microgrnid 1s connected. A DER may have
difficulty in determining 1t 1s 1n an 1slanded state or in a
orid-connected state. In some embodiments, a DER control-
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ler may be 1n communication with one or more DERs and
one or more relays distributed throughout the microgrnd
and/or macrogrid. The DER controller may receive infor-
mation from one or more (e.g., hundreds) of relays that
monitor breaker statuses, voltages, frequencies, current lev-
els, synchrophasors, etc. The DER controller may detect
whether each DER i1s 1n an 1slanded mode or a grid-
connected mode based on a determined grid topology (e.g.,
which breakers are open and which are closed). Further-
more, the DER controller may also detect whether each DER
1s grid-connected to just a microgrid or also to a macrogrid.

In various embodiments, the DER controller may deter-
mine a connection status for each DER (islanded or grid-
connected) and direct each DER to either synchronize its
power conversion unit(s) based on measured microgrid
values, based on measured macrogrid values, or using a
common time source signal (e.g., IRIG, NPT, GPS-based,
pulsed time signals, or PTP). In some embodiments, the
DER controller may directly provide a synchronization
signal using any of a wide variety of communication pro-
tocols and hardware, including both wired and wireless
communication hardware.

In some embodiments, an DER controller may control the
synchronization of one or more DERs and may also control
the connection and/or disconnection of the one or more
DERs from a microgrid or macrogrid. In some embodi-
ments, the DER controller may include one or more relays
for monitoring and/or controlling electrical components
within the one or more. In

In some embodiments, a DER controller may control the
synchronization of two or more DERs that are distributed
over large geographic regions separated by one or more
clectronical components that cause a phase delay. For
example, high voltage transmission lines may have an
inductive impedance that results in a phase delay from one
end to another. Thus, the phase alignment of a DER at one
geographic location on a grid may be diflerent that the phase
alignment of a DER at a distant geographic location on the
orid. In some embodiments, the common time signal 1s used
to eliminate or reduce gradual phase shift after a DER
transitions from a grid-connected state to an 1slanded state.

In other embodiments, the common time signal may be
part of a phase lock loop control signal and directly control
the phase angle of a power conversion unit. In such an
embodiment, when a plurality of DERs are mn a grid-
connected mode, each DER may monitor the grid proximate
its grid-tie location(s) and/or a grid-tie location between an
associated microgrid and a macrogrid to ensure continuous
phase alignment of the power conversion unit(s). In an
islanded mode, each DER may maintain synchronization of
its power conversion unit(s) based on a synchronization
signal based on the common time source. However, 1f DERs
connected to the same microgrid or macrogrid are separated
by components that introduce a phase shift (e.g., high
voltage transmission lines, transformers, etc.), a DER con-
troller may adjust the synchronization signal sent to each
DER accordingly.

As previously noted, the DER controller may use infor-
mation collected by IEDs or relays that monitor or measure
power, Irequency, voltage, current, phase angle, synchro-
phasors, etc. Again, the DER controller may use information
collected from one or more intelligent electronic devices
(IEDs) or relays throughout the grid or microgrd to ensure
phase alignment of one or more DERs even during an
islanded state, even when DERs are separated by large
geographical distances and/or possibly separated by phase-
shifting electrical components.
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Thus, the DER controller may include a DER state
identifier to determine the current state of the DER based on
information from one or more monitoring IEDs or relays and
a phase alignment controller to align the phase based on
either direct measurements of the power grid (e.g., via a PT
measurement device) or based on a common time source,
depending on whether the DER 1s 1n a grid-connected state
or an 1slanded state.

In one embodiment, a DER may include a power conver-
sion unit that supplies power from the DER to a grid (e.g.,
a microgrid or directly to a macrogrnid). While 1n a grid-
connected mode, a phase lock loop of the power conversion
unit may maintain phase synchronization based on a mea-
surement from the grid (e.g., a conventional voltage trans-
former measurement of a utility grid). A DER controller may
determine that the DER has entered an 1slanded state based
on one or more microprocessor-based relays or other IEDs
configured to monitor and/or protect the microgrid and/or
macrogrid. In response to the detected islanded state, the
DER controller may instruct the DER to maintain phase
synchronization based on a common time source (e.g., an
IRIG or PTP timing signal) instead of the grid measurement.
Alternatively, the DER controller may directly provide a
timing signal to the DER to maintain phase synchronization.
In some embodiments, the DER controller may be associ-
ated with a single DER. In other embodiments, a single DER
controller may control multiple DERs.

In various embodiments consistent with the present dis-
closure, the complexity of a control system configured to
synchronize a plurality of DERs may be reduced by utilizing
a common time signal available to a plurality of controllers
to synchronize a plurality of DERs without the need for a
common controller that receives signals from the plurality of
DERs and without direct communication links between the
DERs. In some embodiments, a plurality of controllers may
receive a common time signal and autonomously control one
or more DERs. The plurality of controllers may drive the
DERSs to a specified phase angle and frequency prior to being
clectrically connected using the common time signal. For
example, an operator may specily an arbitrary phase angle
(e.g., 0 degrees) and frequency (e.g., 60 Hz) based on the
common time signal for one phase of an electrical power
system. A first controller may then autonomously direct a
first DER to the specified frequency and phase angle refer-
ence while a second controller directs a second DER to the
specified frequency and phase angle. By synchronizing the
DERSs to the specified phase angle and frequency, the DER
may be inherently synchronmized to each other independent
of any direct communication between the devices. More-
over, the DERs may be synchronmized to each other with a
phase adjustment for variations in phase angle over large
geographic distances based on measured characteristics of
the local macrogrid or microgrid.

Certain embodiments disclosed herein may be used in
connection with systems capable of functioning as “islanded
systems.” As the term 1s utilized herein, an 1slanded system,
system 1n an 1slanded mode, or a system 1n an 1slanded state
comprises any system 1n which electric power generators
continue to provide electrical power 1 the absence of a
connection to an electrical utility grid. For example, an
islanded system may include a utility connected system that
includes any distributed energy resource, including photo-
voltaic arrays, windmills, hydroelectric generators, distrib-
uted generation generators, fossil or nuclear fuel generators,
or the like. An 1slanded system may utilize a power conver-
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sion unit to ensure phase alignment and other power char-
acteristic matching for connection of the 1slanded system to
the grid.

The phrases “connected to” and “in communication with”
refer to any form of interaction between two or more
components, including mechanical, electrical, magnetic, and
clectromagnetic interaction. Two components may be con-
nected to each other, even though they are not in direct
contact with each other, and even though there may be
intermediary devices between the two components.

As used herein, the term “IED” may refer to any micro-
processor-based device that monitors, controls, automates,
and/or protects monitored equipment within a system. Such
devices may include, for example, remote terminal unaits,
differential relays, distance relays, directional relays, feeder
relays, overcurrent relays, voltage regulator controls, volt-
age relays, breaker failure relays, generator relays, motor
relays, automation controllers, bay controllers, meters,
recloser controls, communications processors, computing
platforms, programmable logic controllers (PLCs), pro-
grammable automation controllers, input and output mod-
ules, motor drives, and the like. IEDs may be connected to
a network, and communication on the network may be
tacilitated by networking devices including, but not limited
to, multiplexers, routers, hubs, gateways, firewalls, and
switches. Furthermore, networking and communication
devices may be incorporated 1 an IED or be in communi-
cation with an IED. The term “IED” may be used inter-
changeably to describe an individual IED or a system
comprising multiple IEDs.

Some of the infrastructure that can be used with embodi-
ments disclosed herein 1s already available, such as: general-
purpose computers, computer programming tools and tech-
niques, digital storage media, and communications
networks. A computer may include a processor, such as a
microprocessor, microcontroller, logic circuitry, or the like.
The processor may include a special purpose processing
device, such as an ASIC, PAL, PLA, PLD, Field Program-
mable Gate Array, or other customized or programmable
device. The computer may also include a computer-readable
storage device, such as non-volatile memory, static RAM,
dynamic RAM, ROM, CD-ROM, disk, tape, magnetic,
optical, tlash memory, or other computer-readable storage
medium.

Suitable networks for configuration and/or use, as
described herein, include any of a wide variety of network
inirastructures. Specifically, a network may incorporate lan-
dlines, wireless communication, optical connections, vari-
ous modulators, demodulators, small form-factor pluggable
(SFP) transceivers, routers, hubs, switches, and/or other
networking equipment.

The network may include communications or networking,
software, such as software available from Novell, Microsoft,
Artisoft, and other vendors, and may operate using TCP/IP,
SPX, IPX, SONET, and other protocols over twisted parr,
coaxial, or optical fiber cables, telephone lines, satellites,
microwave relays, modulated AC power lines, physical
media transier, wireless radio links, and/or other data trans-
mission “wires.” The network may encompass smaller net-
works and/or be connectable to other networks through a
gateway or similar mechanism.

Aspects of certain embodiments described herein may be
implemented as software modules or components. As used
herein, a software module or component may include any
type ol computer istruction or computer executable code
located within or on a computer-readable storage medium. A
software module may, for mstance, comprise one or more
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physical or logical blocks of computer 1nstructions, which
may be organized as a routine, program, object, component,
data structure, etc. that perform one or more tasks or
implement particular abstract data types.

A particular software module may comprise disparate
istructions stored in different locations of a computer-
readable storage medium, which together implement the
described functionality of the module. Indeed, a module may
comprise a single istruction or many instructions, and may
be distributed over several diflerent code segments, among,
different programs, and across several computer-readable
storage media. Some embodiments may be practiced 1n a
distributed computing environment where tasks are per-
formed by a remote processing device linked through a
communications network. In a distributed computing envi-
ronment, software modules may be located 1n local and/or
remote computer-readable storage media. In addition, data
being tied or rendered together in a database record may be
resident in the same computer-readable storage medium, or
across several computer-readable storage media, and may be
linked together 1n fields of a record in a database across a
network.

Some of the embodiments of the disclosure can be under-
stood by reference to the drawings, wherein like parts are
generally designated by like numerals. The components of
the disclosed embodiments, as generally described and
illustrated in the figures herein, could be arranged and
designed 1n a wide variety of different configurations. Thus,
the following detailed description of the embodiments of the
systems and methods of the disclosure 1s not intended to
limit the scope of the disclosure, as claimed, but 1s merely
representative of possible embodiments. Well-known struc-
tures, materials, or operations are not shown or described in
detail to avoid obscuring aspects of this disclosure. In
addition, the steps of a method do not necessarily need to be
executed 1n any specific order, or even sequentially, nor need
the steps be executed only once, unless otherwise specified.

FIG. 1 1llustrates a simplified electrical diagram 100 of a
DER controller 175 for a DER 110 connected to a common
time source 150, according to one embodiment. As 1llus-
trated, a power conversion umt 112 may be connected to a
microgrid 180. The microgrid 180 may be selectively con-
nected to a macrogrid 190 via a breaker 185. The microgrid
may recetve power from other power conversion units 122,
Each power conversion unit 112 and 122 may receive power
from any ol a wide variety of power sources, such as a
photovoltaic array, a fossil fuel-based generator, or a wind-
farm.

A DER controller 175 may receive monitoring or mea-
surement data from one or more IEDs (not illustrated) that
monitor and/or measure various characteristics of the micro-
orid 180 and/or the macrogrid 190. Specifically, the DER
controller 175 may receive data from a relay or other IED
indicative of whether or not the Der 110 1s connected to the
macrogrid 190 via microgrid 180 and breaker 185.

In a grid-connected state, a switch 115 may receive phase
angle information from the macrogrid, such as via monitor-
ing PT (power transiformer) 155. In the grid-connected state,
a phase lock loop 115 may use the phase angle information
from the monitoring PT 155 to control a P/Q/V/F controller
114 and a firing controller 113 to adjust a phase angle of the
power conversion unit 112. As used herein 1n this context,
the term “adjust” may refer to modifying the phase angle of
the power conversion unit 112 to match that of the macrogrid
190 and/or maintaining the phase angle of the power con-
version unit 112 to match that of the macrogrnid 190.

10

15

20

25

30

35

40

45

50

55

60

65

8

In an 1slanded state, DER 110 may be disconnected from
the microgrid 180 via a breaker (not show) and/or discon-
nected from the macrogrid 190 via breaker 185. The DER
110 may be considered i1slanded when 1t 1s disconnected
from the macrogrid 190 even 1f the DER 110 continues to
provide power to one or more loads on the microgrid 180.
In an 1slanded state, switch 116 may receive a timing signal
from the common time source 150 to control the phase angle
of the power conversion umt 112 via phase lock loop 115,
P/Q/V/F controller 114, and/or firing controller 113.

As 1llustrated, DER controller 175 may be instrumental 1n
controlling switch 116. The DER controller 175 may include
at least one communication port to receive monitoring
information from the IEDs monitoring the microgrid and/or
a macrogrid. The DER controller 175 may include a deter-
mination subsystem to determine periods during which the
DER 110 of the microgrid 1s connected to the macrogrid 190
in a grid-connected state and periods during which the DER
110 1s disconnected from the macrogrid 190 in an 1slanded
state. A phase angle control system of the DER controller
175 may communicate with the switch 116 of the DER 110
to indicate that the 150 common time source should be used
to maintain a phase angle of an output of a power conversion
umt 112 based on determination that the DER 1s 1n the
islanded state.

FIG. 2 illustrates another embodiment of an electrical
system with a controller for multiple DERs 275 and a
common time source 250 that 1s common to each DER (Der
A 201; DER B 220; and DER C 230). The DER controller
275 may receive data from one or more IEDs indicating
whether or not each DER 210, 220, and 230 1s connected to
the macrogrid 290 via breakers 285, 286, and 287.

Each microgrid 281, 282, and 283 may receive power
from DERs 210, 220, and 230, respectively. In some
embodiments, microgrids 281, 282, and 283 may be con-
nected permanently, selectively connected and discon-
nected, or independent of one another (except as connected
through macrogrid 290).

Each power conversion unit 211, 221, and 232 of each
DER 210, 220, and 230, respectively, may receive power
from any of a wide variety of power sources, such as a
photovoltaic array, a fossil fuel-based generator, hydroelec-
tric power, a windfarm, etc. The DER controller 275 may
receive data from a relay or other IED indicative of whether
or not each DER 210, 220, and 230 1s connected to the
macrogrid 290 or not.

The DER controller 275 may independently control each
DER 210, 220, and 230 based on a determination of whether
cach particular DER 1s 1n an islanded state or a grid-
connected state. In a grid-connected state, switches 213,
223, and 233 may receive phase angle information from the
macrogrid, such as via monitoring PTs 255, 256, and 257. In
the grid-connected state, phase control units (e.g., phase
angle adjusters) 212, 222, and 232 may use the phase angle
information from the monitoring PTs 2355, 256, and 257 to
control and/or adjust a phase angle of the power conversion
umts 211, 221, and 232. Again, the term “adjust” may refer
to moditying the phase angle and/or maintaining the phase
angle of a power conversion unit.

In 1slanded states, the DERs 210, 220, and 230 may be
disconnected from the microgrids 281, 282, and 283, respec-
tively, via breakers (not show) and/or disconnected from the
macrogrid 190 via breakers 285, 286, and 287. DERs 210,
220, and 230 may be considered 1slanded even though they
continue to provide power to a load on a microgrid that 1s
itself 1slanded (disconnected) from the macrogrid. In some
embodiments, a microgrid may be geographically large and
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include numerous loads of varying voltages and sizes. For
example, a university or a factory may be part of a micro-
orid. In other embodiments, the microgrid may be simply a
single load or even a path to sink or store excess power

The DER controller 275 may include at least one com-
munication port to recerve monitoring information from the
IEDs monitoring the microgrids 281, 282, and 283 and/or
the macrogrid 290. The DER controller 275 may determine
pertods during which each DER 210, 220, and 230 1s
connected to the macrogrid 290 1n a grid-connected state and
periods during which each DER 210, 220, and 230 1s
disconnected from the macrogrid 290 1n an 1slanded state. A
phase angle control system of the DER controller 275 may
communicate with the respective switches 213, 223, and 233
of each DER 210, 220, and 230 to indicate that the common
time source 250 should be used to maintain a phase angle of
an output of the power conversion umts 211, 221, and 232
during 1slanded states.

FIG. 3 illustrates an embodiment of a DER 310 with an
integrated DER controller 375 and a common time source
350, according to one embodiment. As illustrated, the DER
controller 375 receives mnformation from microprocessor-
based IEDs 360 that are monitoring macrogrid 390 and
microgrid 380. DER controller 375 also recerves a timing,
signal from a common time source 350 and phase angle
measurement data of the macrogrid 390 via monitoring PT
355. The DER controller may utilize information from the
microprocessor-based IEDs 360 to determine whether the
DER 310 and microgrid 380 are islanded with respect to

acrogrid 390 (e.g., breaker 385 1s open) or if the DER 310
1s grid-connected to the macrogrid 390.

In a grid-connected state, the DER controller 375 may use
phase lock loop 315, P/W/V/F control 314, and {iring control
313 to match the phase angle of the power conversion unit
312 with the phase angle of the macrogrid 390. In an
1slanded state, the DER controller 375 may use the common
time source 350 to maintain the phase angle of the power
conversion unit 312 as 1t continues to supply power to the
microgrid 380.

FI1G. 4 illustrates an embodiment of a DER 410 with two
power conversion umts 401 and 402. As illustrated, each
power conversion unit 401 and 402 may have independent
phase lock loops and phase control components 425 and
426. In some embodiments, power conversion units 401 and
402 may be geographically spaced but 1n common commu-
nication with the DER controller 475. The DER controller
475 may receirve mformation from microprocessor-based
IEDs 460 to determine whether the DER 410 1s 1slanded
from macrogrid 490 or grid-connected via, for example,
breaker 485.

In a grid-connected state, the DER controller 475 may use
data from monitoring PT 455 to match the phase angle of the
power conversion units 401 and 402 with the phase angle of
the macrogrid 490. In an i1slanded state, the DER controller
475 may use the common time source 4350 to maintain the
phase angle of the power conversion units 401 and 402
synchronized with each other even though they are each
controlled by mdependent phase locked loops and phase
controller components 425 and 426 as the DER 410 con-
tinues to supply power to the microgrid 480.

FIG. 5 1llustrates a flow chart of an example method 500
for selectively utilizing a common time source during a
detected 1slanded state, according to one embodiment. As
illustrated, the system may receive a timing signal from a
common time source, such as an IRIG or PTP timing signal,
at 502. A phase angle of power on a macrogrid may be
determined, at 503, such as via monitoring PTs configured to
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monitor a voltage of a utility grid transformer or phase line.
If the DER 1s determined to be in a grid connected state, at
504, then the DER output phase angles may be matched with
the phase angles of the macrogrid, at 503. If, however, the
DER 1s determined to be 1in an 1slanded state, at 504, then the
DER output phase angles may be maintained using the
timing single, at 506, from the common time source. As
previously described, determining whether or not the DER
1s 1slanded or grid-connected may be performed by a gnd
controller in communication with or utilizing integrated
microprocessor-based IEDs configured to monitor various
characteristics of a microgrid and/or macrogrid.

While specific embodiments and applications of the dis-
closure have been illustrated and described, 1t 1s to be
understood that the disclosure 1s not limited to the precise
configurations and components disclosed herein. Accord-
ingly, many changes may be made to the details of the
above-described embodiments without departing from the
underlying principles of this disclosure. The scope of the
present ivention should, therefore, be determined only by
the following claims.

What 1s claimed 1s:
1. A method for phase alignment of a power conversion
unit of distributed energy resource, comprising:
receirving timing signal from an external common time
SOUrCe;

recetving a signal from an external controller that a
distributed energy resource (DER) 1s 1n a grid-con-
nected state 1n which the output of one or more power
conversion units of the DER are providing power to a
power grid;

determining a phase angle of power on the power grid;

adjusting, while 1n the grid-connected state, a phase angle

of the one or more power conversion units within the
DER to correspond to the determined phase angle of
the power on the power grid;

recerving a signal from an external controller that the

DER 1s 1n an 1slanded state in which the DER 1s no
longer electrically connected to the power grid; and
maintaining, while 1n the 1slanded state, the phase angle of

the one or more power conversion units within the DER
based on the received timing signal from the external
common time source.

2. The method of claim 1, wherein receiving the timing
signal from the external common time source comprises
receiving one of an Inter-Range Instrumentation Group
(IRIG) time code and/or Precision Time Protocol (PTP)
signal.

3. The method of claim 1, wherein adjusting the phase
angle of the one or more power conversion units comprises
moditying one or more firing timings of one or more grid-tie
iverters.

4. The method of claim 1, wherein determining the phase
angle of power on the power grid comprises receiving data
from a transformer measurement of the power gnd.

5. The method of claim 1, wherein 1n the 1slanded state,
the one or more power conversion units of the DER remain
connected to a microgrid and are configured to continue to
supply power to at least one load connected to the microgrid.

6. The method of claim 1, wherein the DER 1s electrically
connected to the power grid via a microgrid, wherein the
microgrid can be selectively disconnected from at least one
of the power grid and the DER.

7. A controller for a power system comprising:

at least one communication port to receive monitoring,

information from at least one intelligent electronic




US 10,312,694 B2

11

device (IED) monitoring at least one electrical compo-
nent associated with at least one of a microgrid and a
macrogrid;

a state determination subsystem to determine, based on
received monitoring information from the IED, periods
during which a distributed energy resource (DER) of
the microgrid 1s connected to the macrogrid in a
grid-connected state and periods during which the DER
1s disconnected from the macrogrid 1n an 1slanded state;
and

a phase angle control system to indicate that a common
time source should be used to maintain a phase angle of
an output of a power conversion unit of the DER based
on determination that the DER 1s 1n the 1slanded state.

8. The controller of claim 7, wherein the monitoring
information received by the at least one communication port
from the IED comprises at least one of: measurement data
from a power transformer (PT) of at least one phase line of
the macrogrid and data from a breaker monitoring relay.

9. The controller of claiam 7, wherein the phase angle
control system 1s configured to communicate with a phase
lock loop controller of the DER.

10. The controller of claim 7, wherein the phase angle
control system 1s further configured to provide a common
time source signal to the DER.

11. A system comprising;:

a plurality of distributed energy resources (DERs) selec-
tively connected to a macrogrid, wherein each of the
plurality of DERs comprises:

a power conversion umt to convert power from one of
a DC source and an AC source 1nto output AC power
for connection of the DER to the macrogrid;

a phase angle adjuster to adjust the phase angle of the
output AC power; and

a common time source receiver to receive a common
time source signal;

a plurality of IEDs configured to momnitor at least a phase
angle of the macrogrid and a connection state of each
DER with the macrognd; and

a DER controller in communication with each of the
plurality of DERs, the DER controller configured to:
identify a status of each DER as one of (1) grid-

connected, 1n which the DER 1s connected to the
macrogrid, or (1) 1slanded, 1n which the DER 1s
disconnected from the macrognd; and

direct the phase angle adjuster of each DER to syn-
chronize the phase angle of output AC power with
the phase angle of the macrogrid when the DER 1s
grid-connected, and

direct the phase angle adjuster of each DER to syn-
chronize the phase angle of output AC power using,
the common time source signal when the DER 1s
1slanded.

12. The controller of claim 11, wherein the DER control-
ler 1s further configured to selectively reconnect at least two
of the 1slanded DERs to the macrogrid in parallel, wherein
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the at least two 1slanded DERs remained synchronized with
the macrogrid while 1slanded via the phase angle adjuster
using the common time source signal.

13. A system comprising:

a power conversion unit for a distributed energy resource
(DER) to convert power from one of a DC source and
an AC source into output AC power for connection of
the DER to a power gnd;

a phase angle adjuster to adjust the phase angle of the
output AC power;

a DER state identifier to receive an indication that the
DER 1s 1n one of (1) a grid-connected state 1n which the
DER 1s connected to the power grnid, or (11) 1n an
islanded state 1n which the DER 1s disconnected from
at least a portion of the power grid; and

phase alignment controller in communication with the
phase angle adjuster to cause the phase angle adjuster
to adjust the phase angle of the output AC power based
on:

a measured value from the power grid 1n a grid-connected
state, and

a common time source signal 1n an 1slanded state.

14. The system of claim 13, wherein the phase angle
adjuster comprises a phase locked loop.

15. The system of claim 13, wherein power conversion
unit 1s configured to output AC power for connection of the
DER to a power grid via a microgrid, wherein the microgrid
has at least one load independent of the power grid.

16. The system of claim 13, wherein in the 1slanded state,
the power conversion unit 1s configured to output AC power
to the at least one independent load on the microgrid while
clectrically disconnected from the power grid.

17. The system of claim 13, wherein power conversion
umt comprises a grid-tie mverter configured to convert DC
power 1nto output AC power.

18. The system of claim 17, wherein the phase angle
adjuster comprises a phase locked loop connected to at least
one of an internal thyristor and an insulated-gate bipolar
transistor (IGBT) of the grnid-tie inverter.

19. The system of claim 13, wherein the DER state
identifier 1s configured to receive measurement data from an
intelligent electronic device monitoring at least one electri-
cal component associated with the power grid.

20. The system of claim 19, wherein the DER state
identifier 1s configured to receive measurement data from an
intelligent electronic device monitoring a voltage of a trans-
former on the power gnd.

21. The system of claim 13, wherein the phase angle
adjustor 1s configured to adjust the phase angle of the output
AC power of the power conversion unit to match a phase
angle from measured voltage of a transformer of the power
orid when 1n the grid-connected state.
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